





the mussel Brachidontes, and the hoof shell Hipponix are all common in this
pond (Kay et al. 1977). The coastal barrier wetlands at Aimakapa and Opae Ula
have been identified as primary waterbird habitat (U.S5. Fish and Wildlife
Service 1978). They are especially critical nesting and feeding locations for
the endangered Hawaiian stilt and coot, and also provide feeding grounds for
the black-crowned night-heron. Both areas are also major migratory waterfowl
and shorebird habitat during winter months (Ahuimanu Productions 1977).

American Samoa

Tutuila Island. The northern and eastern shores of Pala lLagoon are bordered
by 84 acres of mangrove, the largest mangrove area in American Samoa. The
mangrove forest consists mainiy of Bruguiera gymnorhiza, but also contains
XyTocarpus moluccensis, which is relatively rare on Tutuila (Whistler 1976).
The mangrove crab (Scylla serrata) is found in abundance, and the Australian
grey duck (Anas supercilliosa pelewensis), a resident waterbird, also uses the
mangrove habitat (AECOS and Aquatic Farms 1980). The lagoon is considered an
important nursery and spawning ground for fish and invertebrates, and the
threatened green sea turtie (Chelonia mydas) is reported in small numbers
(AECOS and Aquatic Farms 1980). Diverse benthic communities of seagrasses
(including one found only rarely on Tutuila), algae, corals, other inverte-
brates, and fishes occur in various assemblages throughout the lagoon
(Helfrich et al. 1975; AECOS and Aguatic Farms 1980; Aquatic Farms and AECOS,
n.d.). An uncommon shrub, Sophora tomentosa, occurs on the barrier spit at
Coconut Point. The fringing reefs outside Pala Lagoon support a flourishing
reef community, except where human disturbance, especially dredging, has
occurred.

HUMAN ACTIVITIES AFFECTING BARRIERS

Because the entire land mass of each island in Hawaii and American Samoa is
within the coastal zone, human activities throughout the islands have the
potential of affecting coastal barriers. Human activities that alter coastal
barrier processes are especially likely to result in many direct and indirect
effects on coastal ecosystems (AECOS, Inc. 1979a, 1979b, 1982; AECOS and
Aguatic Farms 1980; Nolan and Cheney 1981). The discussion of human
activities affecting coastal barriers will be based on the ecosystems
previously described.

Coastal Marine Ecosystem

Coral reefs and their diverse biclogical communities are subject to many forms
of use, degradation, and destiruction. Some nonconsumptive, recreational uses
of reefs can be benign, but they also have the potential to degrade reef
habitats. Potentially destructive activities include board and body surfing,
wading (in which 1ive coral may be trampled), outrigger canoeing, SCUBA diving
and snorkeling (when 1t incliudes collecting souvenir corals), and boating.
Some of these activities, especially boating, require substantial shore
facilities. In addition, boats may cause water pollution from engine, bilge,
and toilet discharges, and may damage corals when travelling through shallow
waters and during anchoring.
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Renewable use of coral reef resources involves removal of portions of the
biotic community on a potentially sustainable yield basis. In Hawaii and
American Samoca, fishing is a major reef use ingrained in the tocal culture.
Reef fishing involves various forms and methods, including fishing from boats,
trapping, gill netting, throw netting, spear fishing, shore casting, octopus
hunting, and shellfish and other invertebrate harvesting (AECCS, Inc. 1979a,
1979b, 1982; AECOS and Aquatic Farms 1980; Government of American Samoa 1979;
Nolan and Cheney 1981). In addition, a variety of edible seaweeds are
coitected for home and commercial use. Other uses that are potentially
sustainable include the taking of reef organisms for scientific and medical
research, and the harvest of aquarium fish, shells, and ornamental corals for
personal coilections or sale. The overharvest of any organism has negative
impacts ¢n that particular plant or animal population and affects the other
components of the reef community as well. The removal of corals, which Tive
very long, are slow to regenerate, and are essential to the physical reef
structure, has especially deleterious effects on the entire reef community.

Consumptive uses of coral reefs mainly involve the extraction of
nonrenewable reef materials, such as reef rock or sand, for use in
construction or as fill. Coral reefs are also dredged to create channels and
harbors.  This not only directly removes reef material, but also impacts
adjacent reef communities through altered current patterns and the generation
of suspended sediments that reduce Tight penetration and smother benthic
organisms. The construction of jetties and causeways across reefs (and the
building of fish ponds in the past) also produces indirect effects, such as
alteration of current and sedimentation patterns.

Finally, coral reefs, which require clean, clear, well-1it water, are
seriously threatened by intentional and unintentional discharge of a variety
of substances into nearshore waters from both point and nonpoint sources.
When watersheds are disturbed, the result is often an increased runoff of
terresirial sediments onto coral reefs. Urbanization and stream
channelization may also Tead to significantly increased freshwater runoff.
Agricultural and industrial activities may introduce pesticides, herbicides,
fertilizers, sugar cane and other agricultural product wastes, miscellaneous
chemicals, oil, and solid wastes intoc coral reef waters. Power plants and
sewage treatment plants discharge thermal and municipal waste effluent, and
dredge spoils may be dumped in reef areas.

Maritime Ecosystem

Accessibie beaches and dunes in Hawaii are subject to intensive human use and
are a major attraction for Hawaii's millions of tourists. The beaches provide
recreatioen or access to recreation for sunbathers, surfers, fishermen,
beachcombers, campers, and small boat users. Use by these groups often
invoives altering the natural environment with access roads, parking lots,
public conveniences, concession facilities, boat ramps, and parks. Most of
these uses involve conversion and construction in the backshore area, but some
facilities are built right on the beaches and eventually require protection
against severe or prolonged beach erosion. The construction of beachfront
houses, hotels, and resorts has caused major alterations of many coastal
barrier beaches, especially on QOahu. Many of these developments now require
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structural shoreline protection structures or beach nourishment to prevent
loss of property by erosion.

Off-road recreational vehicles have a particularly deleterious effect on
maritime ecosystems. Four-wheel drive vehicles, dune buggies, and motorbikes
have a major 1impact on the dunes, beach berms, and beaches of Hawaii,
especially where native maritime vegetation still exists. Many dune areas in
Hawaii are now vegetated by non-native plants which contribute to their
stability but have replaced native vegetation. This invasion of introduced
plants generally occurs in areas disturbed by human activities. Aggressive
introduced plants (for example, Leucaena, Pluchea, and Prosopis) dominate many
coastal areas (Tabata 1980). However, in Scaevola ecosystems, the native
strand flora is able to persist, except under extremely disturbed conditions
(Richmond and Mueller-Dombois 1972). The sand on a number of the coastal
barriers has been mined in the recent past, although there is no such activity
at present (Moberly and Chamberlain 1964).

Coral reefs provide calcareous sediment for coastal barrier beaches and dunes
from the continuous breakdown of dead ceoral and other calcium carbonate
producing organisms. However, the large-scale degradation or death of reef
communities vreduces the reef's ability to generate sediment and nourish
beaches. Changes in coral reefs may also change current patterns, resulting
in increased beach erosion or decreased sand deposition.

Estuarine Ecosystem

Wetlands and streams associated with coastal barriers in Hawaii are subject to
a variety of human activities which alter them to different degrees (Ahuimanu
Productions 1977; Elliott and Hall 1977). Uses which are poetentially
sustainable include small-scale, local fisheries for gobies, prawns, atyid
shrimp and limpets; farming of taro (a traditional food crop grown in swampy
areas); and the wuse of coastal estuaries for fish ponds (as practiced by
the ancient Hawaiians).

A primary threat to estuarine wetlands is draining and filling feor agriculture
(usually sugarcane farming or cattle ranching), aquaculture, or urban uses
{(Ahuimanu Productions 1977). Draining and filling not only directly destroys
wetlands in the developed area, but also often affects the entire estuary by
changing water circulation and sedimentation patterns, and degrading water
guality,

The diversion of streams for their water is another serious threat to the
integrity of estuaries. In many of the watersheds which feed estuaries,
streams have been diverted for agricultural or urban use. The resulting
reduction in water flow can lead to increased sand bar development, separating
stream and ocean waters. It can also alter the salinity characteristics of
the estuary. Blocked stream mouths may prevent the recruitment of diadromous
species. The stagnation of water 1in stream mouths reduces water guality,
which can adversely affect native stream fauna.

The natural processes of estuarine filling that operate over Jong periods of
time have been accelerated by human disturbance of watersheds and changes in
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upland Tland-use patterns. Increased sediment loads are filling in some
streams. Although marsh habitats may persist in some of these streams, water
quality 1is often seriously degraded. In addition to sediment, other
introduced substances, such as pesticides, fertilizers, and bacterial
contaminants, may drain into estuarine ecosystems from upland agricultural
areas.

The dynamic balance of physical and chemical characteristics which makes the
estuarine ecosystem a habitat for native waterbirds, fish, crustaceans,
moliusks, and wetland plants may be upset by human activities upstream that
initiate far-reaching changes in ecological relationships. Slight changes in
the physical characteristics of the estuary may change the competitive
interactions between plants and animals. This may lead to Tlong-term changes
in floral and faunal composition; some species may be severely reduced in
abundance while others may increase in numbers.

Various introduced plant species have overrun many of the native marsh grasses
and sedges. Some slow-moving streams and estuaries are clogged by the exotic
water hyacinth. The 1introduced mangrove is also spreading across some
estuaries and marshes in Hawaii. Non-native vegetation has reduced the
quality of estuarine ecosystems as habitat for native waterbirds and stream
fish. Almost 50 nommarine exotic animals (decapod crustaceans, mollusks,
amphibians, and especially fishes) have been released in Hawaii. Thirty-six
of these have become established, many of which successfully compete with or
prey upon the native fauna. Of these 36 species, 27 are found in streams
{Kanayama 1968).

A recent review of introduced fish in Hawaii (Maciolek 1984) Tists 31 exotic,
nonmarine fish. Seven of these species--Chinese catfish (Clarias fuscus),
mosquitofish (Gambusia affinis), mollies (Poecilia mexicana), guppies (P.
reticulata), swordtails (Xiphophorus helleri), smallmouth bass (Micropterus
dolomieui), and tilapia (Tilapia mossambica)--are having major impacts on
stream communities. Predation by introduced mongooses, rats, and feral cats
and dogs have all contributed to the demise of the native waterbirds which
inhabit estuaries.

Freshwater and Upland Ecosystems

Many of Hawaii's perennial, continuous streams have been diverted for
agricultural, industrial, and domestic uses (Parrish et at. 1978; Timbol and
Maciolek 1978), and have therefore become interrupted streams. Many other
streams have been channelized or dammed, altering the quality of the habitat
they provide and impeding upstream migration by diadromous species (Parrish
et at. 1978; Timbol and Maciolek 1978). Stream water quality, physical
characteristics, and biota are alsc negatively affected by watershed
disturbance. Activities such as agriculture, road building, logging, and
other developments in wupland areas of the watershed result in increased
erosion and siltation. These activities are often accompanied by increased
pesticide, fertilizer, and bacterial runoff, which produce impacts on all the
downslream ecosystems.
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In American Samoa, Pala Lagoon is subject to most of the nonconsumptive,
potentially renewable, and extractive uses described for coastal barriers in
Hawaii. The Tagoon is currently experiencing eutrophication problems and is
known to have high coliform counts (Helfrich et al. 1975). An additional
concern is that American Samecan coastal ecosystems in general, and Pala Lagoon
in particular, are heavily utilized for subsistence activities, especially
fishing (Aquatic Farms and AECOS, n.d.; Helfrich et al. 1975; Government of
American Samoa 1979; AECOS and Aguatic Farms 1980).
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STATE AND TERRITORY COASTAL RESOURCE MANAGEMENT PROGRAMS

HAWAT I

The passage of the Federal Coastal Zone Management Act (P.L. 92-583) in 1972
affirmed a national interest in the effective protection and development of
the coastal zone by providing assistance and support to encourage coastal
States to develop programs for Coastal Zone Management (CZM). The State of
Hawaii rapidly responded to the national initiative, building upon earlier
planning and legislative efforts to rationally manage, protect, and develop
Hawaii's unigue natural resources, including those of the coastal zone (State
of Hawaii 1578).

In the year following passage of the Federal Coastal Zone Management Act,
Hawaii State legislation (Act 164, SLH 1973) was enacted, authorizing the
State Department of Planning and Economic Development (DPED) to prepare the
State's CZM Program. Two years later, passage of the Hawaii Shoreline
Protection Act of 1975 (Chapter 205A, HRS) established a Special Management
Area (SMA) extending inland from the shoreline vegetation line for at least
106 yards. The Act established guidelines for the management and protection
of rescurces in the SMA's. County permission is required for any development
in the SMA which exceeds $25,000 in value or significantly affects the
shoreline (as determined by the Director of the County Department of Lland
Utilization, using established assessment and review criteria).

Between 1974 and 1976, a series of technical documents was published as part
of the CZM Program development. These provided information on various
subjects, such as technical considerations in developing a CZM program for
Hawaii (including ecosystems, vegetation, water quality, tsunamis, historical
resources, beaches, and other major issues); the amount and distribution of
federally controiled land; mapping, remote sensing, and computer applications
to CIM; and legal and organizational aspects of developing a CZM program.

State Coastal Zone Management

The Hawaii CZM Act of 1977 (Act 188, SLH 1977) established basic State policy
to guide State agencies and county governments in all actions affecting the
State's coastal zones. The Act outlines specific objectives and policies as
topics of particular concern, including

(1) provision of recreational opportunities,

(2) protection and restoration of historic resources,

(3) improvement of scenic and open space areas,
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(4) protection of coastal ecosystems,
(5) provision for coastal-dependent economic uses,
(6) reduction of coastal hazards, and

(7) improvement of the review process involving development
activities, including permit coordination and opportunities
for public participation.

These basic objectives and policies are reinforced by existing specific State
and county statutes which are enforced in conformance with the CZIM Act of
1977.

The Federal Coastal Zone Management Act requires an inventory and designation
of Areas of Particular Concern (APC's). APC's are administered in Hawaii by
various programs concerned primarily with the preservation and restoration of
such areas for their conservation, recreational, ecological, or aesthetic
values. As part of this administration, the legislature established the
Natural Area Reserve System (NARS) under Chapter 195, HRS. The NARS was set
up to protect wunigue geological, volcanic, and other natural sites with
distinctive marine, terrestrial, floral, and faunal features from degradation
due to human activities. A NARS commission recommends areas for inclusion and
proposes ruies regarding their use, control and protection, for action by the
Board of Land and Natural Resources.

Another form of protection is available to marine ecosystems under the Marine
Life Conservation Bistrict (MLCD) Program established under Chapter 190, HRS,
to preserve unique areas of Hawaii's marine environment. These districts are
designated by the Department of Land and Natural Resources (DLNR) and are
protected by reguiations prohibiting certain activities and controlling
allowable uses. DLNR also designates Marine Fishery Conservation Areas in
which there are gear, season, or location restrictions on certain kinds of
fishing te allow stock replenishment and prevent conflicts in use.

The Shoreline Setback Law (Chapter 205-32, HRS) was passed in 1970. This
legislation delineated a restricted zone 40 ft from the upper wash of waves
{or 20 ft 1in certain small parcels) in which construction or other related
activities are prohibited except by a special approval procedure. The
Shereline Setback area is considered an APC because of its importance to the
economy and environment of the State. The Waimanu Estuarine Sanctuary, which
was designated under Section 315 of the National CIM Act for protection and
preservation, also gualifies as an APC.

State-Mandated County Programs

Hawaii has several State-mandated county regulatory programs that are related
to the State CZM Program. The most important of these is prescribed by
Section 205A - Part I of the Hawaii CZM Act. This program establishes the
objectives, policies, and guidelines to which counties must adhere in the
administration of the SMA, consistent with the Hawaii CZM Program. The
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counties ensure compliance with those policies through the issuance of a
development permit, as required by Section 205A-28. Certain terms and
conditions may be placed upon those land and water uses determined to
constitute development. County planning agencies have set up specific
regulatory procedures for administering SMA permits.

Area Subject to Management

The objectives and policies of the Hawaii CZM Act in the broadest sense
provide the basis for including within the coastal zone all those Tands whose
use may have a direct and significant impact upon coastal waters. More
specifically, the CZM area for the State of Hawaii inciudes all coastal waters
seaward to the 1imit of the State's jurisdiction, all land areas included
within the SMA boundaries, and all remaining inland areas except those lands
designated as State forest reserves. In addition, federally owned, leased, or
controlled lands, of which Hawaii has a large amount, are excluded from State
CZIM programs, as reqguired by Section 304(a) of the Federal CIM Act of 1972.
Thus, except for State forest preserves and Federal Tands, the entire land
area of each island is within the coastal zone.

CIM Organizations

A wvariety of State and county agencies are involved in implementing and
administering the objectives and policies of Hawaii's CIM Program. The
Department of Planning and Eccnomic Development (DPED) is the lead agency
implementing Hawaii's CZM Program. Its responsibilities include handling
fiscal and administrative matters, coordinating the organizational network,
and reviewing State and county agency compliance with the program. DPED is
also responsible for determining instream flow reguirements, but the Division
of Land and Water Development, in the [bepartment of Land and Natural Resources
(DLNR), is actually setting standards for instream water quality. The Land
Use Commission (LUC),  housed in DPED for administrative purposes,is
responsible for classifying all lands into the four Jland-use districts,
administering requests for district boundary changes and reclassification, and
approving special use permits in agricultural and rural districts.

The Department of Land and Natural Resources (DLNR) is the State's principal
agency for managing State-owned lands and regulating uses in conservation
district Tands. It manages water development, commercial fishing, forestry,
wildlife, fish and other aquatic resources, open space, and mineral resources.
The DLNR also administers the NARS and the MLCD programs, which cover these
types of APC's, and prepares the State Comprehensive Qutdoor Recreation Plan
{SCORP).

The Department of Health (DOH) is the primary implementer of pollution
controls relating to Hawaii's CZM Program through management of air and water
guality, solid wastes, public health, and sewage treatment. DOH also manages
the National Pollution Discharge Elimination System permit program of the
Clean Water Act of 1977, and thus regulates nearshore water quality.

The 0ffice of Environmental Quality Control (0EQC) coordinates and directs
State agencies in matters concerning environmental quality and coordinates the
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writing of State Environmental Impact Statements. The Department of
Transportation (DOT) regulates activities in the shore waters, incliuding
boating and recreation, and maintains, regulates, and issues licenses and
permits for the construction of harbors and related facilities. The Department
of Agriculture carries out programs to conserve, develop, and utilize the
State's agricultural resources, many aspects of which interact with CIM
objectives and policies.

The University of Hawaii provides research, technical assistance, and
educational programs which interrelate with the State CZM Program. These
activities are conducted primarily through five components of the University:
the Curriculum Research and Development Group at the College of Education, the
Hawaii Institute of Marine Biclogy, the Environmental Center, the Water
Resources Research Center, and the Sea Grant Program.

The Counties of Hawaii, Maui, Kauai, and the City and County of Honolulu have
numerous responsibilities in the management of the Hawaii coastal zone. The
counties determine the SMA boundaries and directly administer land and water
use controls through the issuance of development permits consistent with State
CIM objectives and policies. State-mandated county regulatory programs
dealing with a variety of issues and important planning and zoning activities
are altso under coupty jurisdiction.

AMERICAN SAMOA

The Territory of American Samoa, which includes Tutuila and six other smaller
istands, 1is included in the Federal Coastal Zone Management Act of 1972
(Government of American Samoa 1980). The Governor designated the Development
Planning Office (DPG) as the lead agency in formulating a CZM program. The
objectives and policies of the Territory's CZM Program are divided into three
categories which establish priorities, guidelines, and standards to deal with
coastal problems and issues:

(1) government activities, which include territorial administration
and village development;

(2) development policies, which cover shoreline, fisheries and
agricultural development, coastal hazards, erosion, and major
facility siting; and

(3) resource policies, which address reef protection, air and water
quality, marine resources, cultural and historical resources,
and critical areas.

Coastal zone boundaries include virtuaily all land areas of American Samoa and
the coastal ocean to a limit of 3 nautical miles seaward. Federally managed
Rose Atoll is exciuded from the coastal zone. The program is implemented by
Executive Order X-80 which directs all government agencies to act consistently
with the CIM program policies and incorporate them into their procedures. As
lead agency, the DPO may submit rules for the Governcr's promulgation as they
become necessary. Other key agencies include the Department of Public Works,
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the Zoning Board, the Environmental Quality Commission, the Department of
Health, the Capital Improvement Program Committee, and the Governor's office.
Pala Lagoon was designated as one of two APC's in American Samoa in order to
enhance and restore its water quality and fish, wildlife, and recreational
values (Government of American Samoa 1979).
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SUMMARY

The Hawaiian Islands and American Samoa are the tops of Targe, undersez
volcanic mountains of relatively young geological age. The basalt which
composes these volcanoes is subject to rapid weathering in the humid tropics
and deep valleys have eroded along their flanks. Sea-level changes have left
many drowned river valleys, especially in the older islands, and some
fossilized sand dunes. More recent volcanic activity has punctuated parts of
the shorelines with smaller volcanic cones. Coral reefs have grown along the
island fringes where they protect the shore and provide beach-forming calcium
carbonate sediments.

Current coastlines are built of volcanic rock, biologically derived calcareous
sediments, and terrigenous sediments, all in various shapes, sizes, and states
of weathering. Calcarecus sand and rubble derived from coral reefs provide
mest of the beach material, along with stream-eroded and transported deposits
of weathered basalt. These materials are redistributed along the shoreline
primarily by ocean waves, coastal currents, and winds. Tsunamis and
hurricanes are responsible for major coastal changes on an episodic basis.

The characteristics of coastal barriers are different for each island. Kauai,
an older, deeply weathered volcano, has the largest number of coastal
barriers, almost all of which are bay mouth barriers. These consist of
drowned stream valleys with depositional barrier bars across the valley
mouths.  Streams, which perennially or seasconally breach the barrier bar,
meander in the lower, sediment-filled valley floor; wetlands occur behind the
beach and Tlow dunes. The size and stability of the barrier depend upon the
amount of streamflow and sediment input, the exposure of the barriers to
strong wave action and currents, the supply of coral sand and rubble, and the
extent of protective reefs nearby.

Coastal barriers on Maui consist of unconsolidated barrier beaches and
outcrops of beachrock which protect aquatic habitats. The wetlands occupy
coastal depressions behind the beaches and low dunes. These wetlands are
usually spring fed, often with ponds, whose size and condition vary with
seasonal water availability. The long, relatively narrow beaches are composed
primarily of calcareous sand and most are protected by extensive fringing
reefs. Most of the coastal barriers on the complex and diverse shores of
Oahu are either bay barrier or barrier beach type and have characteristics
similar to those described on Kauai and Maui.

The youngest and Targest island, Hawaii, has two types of coastal barriers.
Along the windward side of its northern peninsula, three deep valleys support
bay barriers that are similar to those on Kauai, but lack extensive offshore
reef development. On the Tong west coast of Hawaii, lava flows and fault
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Tines have created small shoreline embayments that have been blocked by sand

deposition. These aguatic habitats were modified and used by ancient
Hawaiians as fish ponds. The shallow ponds and marshes are sometimes spring
fed. Their Tlow, nparrow beach barriers generally have Tittle 1if any

protective coral reef.

In American Samoa, the coastal barrier of Pala Lagoon on Tutuila Island is an
anomaly. It was created by a protective barrier spit that nearly encloses a
shallow, embayed portion of the fringing reef.

Coastal barriers 1in Hawaii and American Samoa can be divided into five
component ecosystems: (1) coastal marine, (2) maritime, (3) estuarine, (4)
freshwater, and (5) coastal upliands. These ecosystems are all interrelated
and continue to be shaped by the upland and coastal processes which created
them. They are also significantly altered, both physically and biologically,
by human activities.

Coral reefs are the most conspicuous compeonent of coastal marine ecosystems.
They harbor diverse biotic assemblages of corals, other invertebrates, fish,
and algae. The extent and distribution of coral reefs vary depending upon
istand age, exposure to direct wave and wind action, and the presence of
inhibiting factors such as low salinity and heavy sediment loads in the
water. Complex ecological relationships have developed among the diverse
flora and fauna. This results in a high Tlevel of interdependence among
organisms of many sizes, with diverse feeding and habitat requirements. The
threatened green sea turtle feeds and rests in marine waters adjacent to some
coastal barriers in Hawaii and American Samoa, and other protected marine
turtles or mammals may be occasional visitors.,

The characteristics of the maritime ecosystems in Hawaii and American Samoa
are determined by the presence and size of the adjacent coral reefs because
most beaches and dunes are huilt of calcareous, reef-derived sediments. Beach
waves and stream discharge rates are also important controlling factors.
Backshore dunes are generally of limited extent, except where Pleistocene dune
deposits occur. Maritime ecosystems occupy harsh environments characterized
by salt spray, constant wind, Tlow rainfall, intense sunlight, high
evaporation, high temperatures, and shifting sands. Beach sands are
stabiltized in dunes by vegetation adapted to these conditions. These plants
trap sand and their roots anchor the dune surface against wind erosion. Dune
vegetation «consists predominantly of introduced coastal strand species
although some native plants are still abundant.

The regional distribution of maritime vegetation is related to rainfall
patterns. The zonation of strand plants from seaward to Tlandward is
controlled by exposure to wind and surf, and by soil and water salinity. Few
animals permanently inhabit these areas. Various crustaceans are found in the
intertidal beach, and small }izards occur in the strand and dune vegetation.
Sea- and shorebirds roost and nest in these areas in places where human
disturbance is minimal.

Estuarine ecosystems in Hawaii and American Samoa consist of Jower stream
valleys and associated marshes, grasslands and ponds behind barrier bars, and
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marshes and ponds occurring 1in coastal depressions Tlandward of barrier
beaches, including some that were formerly wused as fish ponds by ancient
Hawaiians. The vegetation of estuarine ecosystems has become heavily
influenced by exotic plant species. Introduced water hyacinth often covers
pond waters, non-native sedges, bulrushes and other grasses occupy the
wetlands, mudflats are covered with pickleweed, and introduced mangroves have
begun to spread in some estuaries. Taro cultivation was formerly practiced
in many Hawaiian wetlands and the plant still occurs in some of the aguatic
habitats associated with coastal barriers.

Although the diversity of fauna in Hawaiian estuaries is relatively limited,
much of it is endemic, including native species of fish, prawns, and mollusks.
Estuarine ecosystems are also nurseries for many reef fish. Many estuaries
have been invaded by exotic animals such as Tilapia, mosquitofish, crayfish,
and frogs, which may depress populations of native species by predation,
competition, and alteration of the habitat. Estuarine wetlands in Hawaii are
especially important in providing feeding and nesting grounds for indigenous
waterbirds, particularly the endangered and endemic Hawaiian stilt, Hawaiian
gallinule, Hawaiian coot, and Hawaiian duck. Most of the aquatic habitats
associated with coastal barriers have been identified as critical primary or
secondary habitats for these birds, and some are parts of existing or proposed
National Wildlife Refuges. In addition, many migratory waterfowl and
waterbirds use estuarine wetlands during winter months.

Freshwater ecosystems are found in the inland portion of the stream-estuarine
continuum and in barrier-protected wetlands that have Timited saltwater
infiuence. Streams 1in Hawaii are ephemeral, intermittent, or perennial.
Intermittent and perennial streams support various compliements of native
fauna that are adapted to their rocky, precipitous beds and greatly
fluctuating flows. Many stream species have marine Tlarval stages and must
migrate to complete their 1ife «cycles. In addition to native freshwater
fauna, many introduced species have become successful competitors or predators
in Hawaii's streams.

Upland ecosystems in Hawaii and American Samoa extend to the inland boundaries
of coastal watersheds and thus include nearly the entire land mass of each
isTand. Upland watersheds, especially in Hawaii, are often dominated by
exotic flora and fauna. Conseguently, many rare and endangered plants and
animals, particularly birds, are found only in pockets of undisturbed upland
habitat.

Coastal barrier ecosystems are affected by a wide variety of human activities.
Some of these cause direct physical and biological alterations. They may also
produce more subtle effects by influencing the processes which maintain
ecosystems. Coral reefs are used for fishing and for a wide range of
nonconsumptive recreational activities, all of which have important cultural
and community values in Hawaii and American Samoa. Reefs are also altered by
mining for building materials (such as sand and rubble), construction
activities, and dredging. The diverse biota of coral reefs are vulperable to
overharvest and to introduced pollutants such as silt, c¢il, pesticides, and
sewage.
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Estuarine and freshwater ecosystems are altered by dredging, filling, and
stream channelization or diversion for agricultural or urban uses. Upstream
activities can introduce silt, pesticides, fertilizers, and sewage to these
coastal wetlands. Introduced plant and animal species are outcompeting the
native biota of many Hawaiian streams and estuaries. Some wetlands and
streams stili support fisheries and taro cultivation.

The State of Hawaii and the Territory of American Samoa both responded to the
passage of the Federal Coastal Zone Management Act of 1972 by developing
coastal zone management programs. In Hawaii, this was preceded by legislation
dealing with land use, shoreline setbacks, and shoreline protection. Hawaii's
Department of Planning and Economic Development is the lead CIM agency. It is
assisted by the Land Use Commission, the Department of Land and Natural
Resources, other State agencies, and county governments, the Tlatter of which
administer the Special Management Areas along Hawaii's coastline.

In American Samoa, the Development Planning Office is the lead CIM agency and
formulates the Territory's CIM objectives and policies. Numerous agencies
assist the Development Planning Office with the CIM program and a number of
APC's have been designated.

46



REFERENCES

AECOS, Inc. 1979a. 0Oahu coral reef inventory, Parts A and B. U.S. Army Corps
of Engineers, Pacific Ocean Division, Fort Shafter, Hawaii. 552 pp.

AECOS, Inc. 1879b. Maui Island coral reef inventory, Parts A and B. U.S.
Army Corps of Engineers, Pacific Ocean Division, Fort Shafter, Hawaii. 303

PR.

AECOS, Inc. 1979¢c. Maui coastal zone atlas, representing the Hawaiil coral
reef inventory, Istand of Maui (MICRI), Part €. U.S5. Army Corps of
Engineers, Pacific Ocean Division, Fort Shafter, Hawaii. 84 maps.

AECOS, Inc. 1981. Oahu coastal zone atltas, representing the Hawaii coral
reef inventory, Island of Qahu (OCRI}, Part C. U.5. Army Corps of
Engineers, Pacific Ocean Division, Fort Shafter, Hawaii. 93 maps.

AECOS, Inc. 1982. Kauai Island coastal resource inventory. U.5. Army Corps
of Engineers, Pacific OGcean Division, Fort Shafter, Hawaii. 188 pp.

AECOS and Aquatic Farms. 1980. American Samoa coral reef inventory. Part
A - Text. U.S. Army Corps of Engineers, Pacific Ocean Division, Fort
Shafter, Hawaii. 314 pp.

Ahuimanu Productions. 1977. An ornithelogical survey of Hawaiian wetlands,
Vols, 1 and 2. U.5. Army Corps of Engineers, Pacific Ocean Division, Fort
Shafter, Hawaii. 406 pp.

Agquatic Farms and AECOS. n.d. American Samea coral reef inventory. Part B -
Atlas. U.S. Army Corps of Engineers, Pacific Qcean Division, Fort Shafter,
Hawaii. 42 maps.

Apple, R.A., and G.A. MacDonald. 1966. The rise of sea level in contemporary
times at Honaunau, Kona, Hawaii. Pac. Sci. 20:125-136.

Apple, R.A., and W.K. Kikuchi. 1975. Ancient Hawaii shore zone fishponds:
an evaluation of survivors for historical preservation. National Park
Service, Honolulu. 157 pp.

B-K Dynamics, Inc. 1972. Littoral sand transport study, Maalaea Bay. Unpubl.
rep. 47 pp.

Balazs, G.H. 1980. Synopsis of biological data on the green turtle in the
Hawaiian Islands. U.S. Nati. Mar. Fish. Serv. NOAA-TM-NMFS-SWFC-7. 141 pp.

47




Brock, J.H., and R.E. Brock. 1974. The marine fauna of the coast of
Northern Kona, Hawaii. Univ. Hawaii Sea Grant Advisory  Rep.
UNIHI-SEAGRANT-AR-74~02.

Campbell, J.H. 1972. Erosion and accretion of selected Hawaiian beaches,
1962-1972. Univ. Hawaii Sea Grant Tech. Rep. UNIHI-SEAGRANT-TR-72-02 (also
Hawaii Institute of Geophysics, HIG-72-20). 30 pp.

Campbell, J.H., and D.J. Hwang. 1982. Beach erosion at Waimea Bay, Oahu,
Hawaii. Pac. Sci. 36(1):35-43.

Campbell, J.H., and R. Moberly. 1985. Hawaii. In M. Schwarz and E. Bird,
eds. The world's coastline. Van Nostrand Reinhold Co., New York.

Cowardin, L.M., V. Carter, F.C. Golet, and E.T. LaRoe. 1979. Classification
of wetlands and deepwater habitats of the United States. U.S. Fish Wildl.
Serv. FWS/0BS-79/31. 103 pp.

Cox, D.C., and L.C. Gordon. 1970. Estuarine pollution in the State of
Hawaii. Vol. 1: Statewide study. Univ. Hawaii Water Resour. Res. Cen.
Tech. Rep. 31.

DeSilva, G.L.R. 1966. The effects of marine attack on the exposed portions
of the Honolulu series of tuff cones. M.S. Thesis. \University of Hawaii,
Honotulu. 171 pp.

Elliott, M.E., and E. M. Hall. 1977. Wetlands and wetland vegetation of
Hawaii. U.S. Army Corps of Engineers, Pacific Ocean Division, Fort Shafter,
Hawaii. 344 pp.

Emery, K.0., and D.C. Cox. 1956. Beachrock in the Hawaiian Islands. Pac.
Sci. 10:382-402.

Environmental Consultants, Inc. 1977. Marine reconnaissance surveys for the
Coconut Point shoreline erosion contrel project, Nu'uuli, American Samoa.
U.S. Army Corps of Engineers, Pacific Ocean Division, Fort Shafter, Hawaii.
119 pp.

Gerritsen, F. 1978. Beach and surf parameters in Hawaii. Univ. Hawaii Sea
Grant Tech. Rep. UNIHI-SEAGRANT-TR-78-02. 178 pp.

Grigg, R.W., and J.E. Maragos. 1974. Recolonization of hermatypic corals on
submerged Tava flows in Hawaii. Ecology 55(2):387-395.

Government of American Samoa, Development Planning Office. 1979. Reef and
nearshore fishing areas, types of fish and marine 1ife caught, and methods
used, American Samoa. Unpubl. rep.

Government of American Samea, Development Planning Office. 1980. American

Samoa coastal zone management program and draft environmental impact
statement. 226 pp. '

48



Helfrich, P., J.L. Ball Jr., P. Bienfang, M. Foster, B. Gallagher, E.
Guinther, G. Krasnick, J. Maciolek, and J. Maragos. 1975. An assessment
of the expected impact of a dredging project for Pala Lagoon, American
Samoa. Univ. Hawaii Sea Grant Tech. Rep. UNIHI-SEAGRANT-TR-76-02. 76 pp.

Kanayama, R.K. 1968. Hawaii's aquatic animal introductions. Proc. Annu.
Conf. West. Assoc. State Game Fish Comm. 47.123-131.

Kay, E.A., S.L. Lau, E.D. Stroup, S.J. Dollar, and R. Young. 1977.
Hydrotlogic and ecologic inventories of the coastal waters of West Hawaii.
Univ. Hawaii Water Resour. Res. Cen. Tech. Rep. 105. 94 pp.

MacDonald, G.A., A.T. Abbott, and F.L. Peterson. 1983. Volcanoes in the sea.
University of Hawaii Press, Honolulu. 517 pp.

Maciolek, J.A. 1971. Aquatic ecosystems of Kealia floodplain and Maalaea Bay,
Maui. Evaluation for perpetuation and public use. Univ. Hawaii, Hawaii
Inst. Mar. Biol. Tech. Rep. 27. 49 pp.

Maciolek, J.A. 1972. Diadromous macrofauna and the Kahana Stream estuary
ecosystem. Quality of Coastal Waters Project, University of Hawaii Water
Resources Research Center. 22 pp.

Maciolek, J.A. 1977. Insular aguatic ecosystems: Hawaii. Pages 103-120 in
Classification, inventory, and analysis of fish and wildlife habitat.
proceedings of a national symposium. U.S. Fish Wildl. Serv. FWS/0BS-78/76.

Maciolek, J.A. 1984. Exotic fishes in Hawaii and other istands of Oceania.
Pages 131-161 in W.R. Courtenay, Jr., and J.R. Schaffer, Jr., eds.
Distribution, biology, and management of exotic fishes. Johns Hopkins
University Press, Baltimore.

Maciolek, J.A., and R.E. Brock. 1974. Aquatic survey of the Kona coast
pends, Hawai i Island. Univ. Hawaii Sea  Grant  Advisory  Rep.
UNIHI-SEAGRANT-AR-74-04. 73 pp.

Madden, W.D., and C.L. Paulsen. 1977. The potential for mullet and milkfish
culture in Hawaiian fishponds. Hawaii Department of Planning and Economic
Development. 54 pp.

Manoa Mapworks. 1983. Kauai coastal resource atlas. U.S5. Army Corps of
Engineers, Pacific Ocean Division, Fort Shafter, Hawaii. 173 maps.

Maragos, J.E., ed. 1975. Hawaiian coastal water ecosystems: an element paper
for the Hawaii coastal management study. Technical supplement 1: Technical
considerations in developing a coastal zone management program for Hawaii.
Hawaii Department of Planning and Economic Development. 51 pp.

Moberly, R., D.C. Cox, T. Chamberlain, F.W. McCoy, Jr., and J.F. Campbell.

1963. Hawaii's shoreline. Appendix 1: Coastal geology of Hawaii. Univ.
Hawaii, Hawaii Inst. Geophys. HIG Rep. 41. 216 pp.

49



Moberily, R., and T. Chamberlain. 1964. Hawaiian beach systems. Final
report; revised and reissued, 1968. Univ. Hawaii, Hawaii Inst. Geophys.
Rep. HIG-64-2. 95 pp.

Moore, J.G. 1970. Relationship between subsidence and volicanic Tload.
Hawaiian Bull. of Volcanol. 34:562-576.

Mcore, J.G., and D.J. Fornari. 1984. Drowned reefs as indicators of the
rate of subsidence of the istand of Hawaii. J. Geol. 92:752-759,

Nolan, R.5., and D.P. Cheney. 1981. West Hawaii coral reef inventory. U.S.
Army Corps of Engineers, Pacific Ocean Division, Fort Shafter, Hawaii. 491

PP

ORCA, Ltd., D.P. Cheney, and Cartographic Relief. 198]1. West Hawaii coral
reef atlas. U.S. Army Corps of Engineers, Pacific Ocean Division, Fort
Shafter, Hawaii. 66 maps.

Parrish, J.D., J.A. Maciolek, A.S. Timbol, C.B. Hathaway, Jr., and S.E.
Norton.  1978.  Stream channel modification in Hawaii. Part D: Summary
report. U.S. Fish Wildl. Serv. FWS/0BS-78/19. 18 pp.

Richmond, T.A., and D. Mueller-Dombois. 1972. Coastline ecosystems on Qahu,
Hawaii. Vegetatio 25(5-6):367-400.

State of Hawaii, Department of Health. 1968. Water quality standards.
Chapter 378 of Pubiic Health Regulations.

State of Hawaii, Department of Health. 1977, An ecological appreoach to
water quality standards. Tech. Comm. Water Qual. Stand. Tech. Rep. 1. 165
pp.

State of Hawaii, Department of Planning and Economic Development. 1564.
Hawaii's shoreline.

State of Hawaii, Department of Planning and Economic Development. 1978.
Coastal zone management program and draft environmental impact statement.
Office of Coastal Zone Management, National Oceanic and Atmospheric
Administration, U.S. Department of Commerce. 401 pp.

Stearns, H.T. 1944, (Geology of the Samoan Islands. Bull. Geol. Soc. Am.
55:1279-1332.

Stearns, H.T. 1978, Quaternary shorelines 1in the Hawaiian Isiands. Bull.
Bernice P. Bishop Mus. No. 237.

Stice, G.D., and F.W. McCoy, Jr. 1968. The geology of the Manu'a Islands,
Samoa. Pac. Sci. 22:427-457.

Tabata, R.S. 1980. The native coastal plants of 0Oahu, Hawaii. News],
Hawaiian Bot. Soc. 19:2-44.

50



Timbol, A.S. 1972. Trophic ecology and macrofauna of Kahana estuary, Oahu.
Ph.D. Dissertation. University of Hawaii, Honolulu. 228 pp.

Timbol, A.S., and Enviromnmental Impact Study Corp. 1977. Aquatic survey of
stream macrofauna for the hydroelectric power study of Hawaii. U.S. Army
Corps of Engineers, Pacific Ocean Division, Fort Shafter, Hawaii.

Timbol, A.S5., and J.A. Macioclek. 1978. Stream channel modification in
Hawaii. Part A: Statewide inventory of streams. Habitat factors and
associated biota. U.S. Fish Wildl. Serv. FWS/0BS-78/16. 157 pp.

Titcomb, M. 1972. Native use of fish in Hawaii. University of Hawaii Press,
Honolulu. 175 pp.

U.S. Army Corps of Engineers, Pacific Ocean Division. 1971. Hawaii regional
inventory of the national shoreline study. 110 pp.

U.s. Army Corps of Engineers, Pacific Ocean bivision. 1977. American Samoa
water resources study: plan of study. 81 pp.

U.S. Army Corps of Engineers, Pacific Ocean Division. 1978. Coconut Point
shore protection, Tutuila Island, American Samoa. Draft detailed project
report.

U.5. Department of the Interior. 1984. Endangered and threatened wiidlife
and plants; review of invertebrate wildlife for Jlisting as endangered or
threatened species. U.S. Fed. Reg. (22 May 84) 49(100):21663-21675.

U.S. Department of the Interior. 1985. Endangered and threatened wildlife
and plants; review of piant taxa for listing as endangered or threatened
species. U.S. Fed. Reg. (27 Sep 85) 50(188):39525-39584.

U.S5. Fish and Wildlife Service. n.d. Notes on Niihau endangered species
habitats. 2 pp.

U.5. Fish and Wildlife Service. 1978. Hawaiian waterbird recovery plan.
Hawaiian Waterbird Recovery Team, Honolulu. 92 pp.

Wentworth, C.K. 1939. Marine bench-forming processes II: Selution benching.
J. Geomorph. 2:3-25.

Whistler, W.A. 1976. Inventory and mapping of wetland vegetation in the
territory of American Samoa. U.S. Army Corps of Engineers, Pacific Ocean
fivision, Fort Shafter, Hawaii. 94 pp.

Wilson Okamoto and Associates, Inc. 1981. Environmental impact assessment,
Lumahai aquaculture farm, Hanalei, Kauai, Hawaii.

51





